Background and objectives: There is an unmet need for topical treatments with good tolerability in management of acne vulgaris. The present study aimed to evaluate efficacy and safety of a novel tretinoin (microsphere, 0.04%) formulation in combination with clindamycin (1%) gel for treatment of acne vulgaris. Materials and methods: This phase 3 randomized, double-blind study included patients with moderate-to-severe acne. Patients were treated with tretinoin (microsphere, 0.04%) þ clindamycin (1%) or one of the monotherapies (tretinoin, 0.025%; clindamycin, 1%). Key endpoints included percent change in lesion counts, and improvement in Investigator's Static Global Assessment (ISGA) score. Results: 750 patients were randomized (combination, n ¼ 300; tretinoin and clindamycin, each n ¼ 150). At week 12, reductions in inflammatory (77%), non-inflammatory (71%) and total lesions (73%) were significantly greater with combination treatment versus either monotherapy (p < .03). Proportion of patients rated 'clear' or 'almost clear' with !2-grade ISGA improvement was higher with combination (46%) versus monotherapies (p < .02). Adverse events occurred in 20 patients, most were mild-moderate; no deaths or serious adverse events were reported. The discontinuation rates due to adverse events with combination therapy were low ( 1%). Conclusion: The once-daily, microsphere-based formulation was generally tolerable with a positive impact on therapeutic outcomes and patients' compliance.
Introduction
Presence of acne is synonymous with teenage. Although the degree of acne severity differs from person-to-person, almost all individuals suffer from acne at some phase during adolescence or as young adults (1) . Acne vulgaris or acne is the most common dermatological disorder affecting approximately 9.4% of the global population, ranking it as the eighth most prevalent disease (2) . The presence of lesions and permanent scars due to acne present esthetic challenges, particularly during the adolescent years and frequently lead to emotional and psychosocial distress and negatively affects the quality of life (3) . Acne, an androgen-regulated disease of pilosebaceous follicles is characterized by non-inflammatory comedones and inflammatory papules, pustules and nodules (4) .
Acne is the most common skin condition in the United States, affecting about 50 million people annually (4, 5) . Epidemiology of acne in India is unknown due to lack of published data, but based on judgements from dermatological clinics across urban areas, prevalence of acne is thought to be similar as in Western population (5) . Hospital-based studies reported in Asian populations have shown that acne vulgaris constitutes 11.2-19.6% of the total new patients attending hospitals (6, 7) . In a hospital-based study from South India, it was found that 59.8% of acne cases were in the age group of 16-20 years, but patients aged !20 years were more likely to have more severe grade of acne vulgaris (8) . The prevalence rate of acne is similar to the historic data; among adolescents (12-17 years of age) the prevalence of acne was reported to be 50.6% in boys and 38.13% in girls (8, 9) .
Based on recent evidence-based guidelines from the European Dermatology Forum (European (S3) guidelines), the choice of treatment strategy for acne depends on disease activity that can be classified into four categories including comedonal acne, mild-to-moderate papulopustular acne, severe papulopustular or moderate nodular acne, and severe nodular CONTACT Dr. Sujeet Narayan Charugulla sujeetnc@drreddys.com Medical Affairs Division, Dr Reddy's Laboratories Ltd, 7-1-27, Ameerpet, Hyderabad 500016, Telangana, India.
Supplemental data for this article can be accessed on the publisher's website This article was originally published with errors, which have now been corrected in the online version. Please see Correction http://dx.doi.org/10.1080/ 09546634.2020.1730581) or conglobate acne (10, 11) . In the current European S3 guidelines and the consensus report from the Global Alliance to improve outcomes in acne, combination treatment with topical retinoids and antimicrobials is recommended as frontline treatment option for acne management (11) (12) (13) .
Tretinoin, a retinoid derived from naturally occurring alltrans-retinol (Vitamin A1), when used topically decreases cohesiveness of follicular epithelium, normalizes keratinocyte desquamation and accelerates turnover of follicular epithelial cells causing extrusion of the comedones. Clindamycin has a direct bacteriostatic effect against Propionibacterium acnes in the pilosebaceous duct and also has an anti-inflammatory effect. An additional benefit of retinoid and clindamycin combination in comparison with antimicrobial monotherapy is its more rapid and better efficacy, possibly due to the retinoid normalizing desquamation and facilitating penetration of the antimicrobial agent into the subcutaneous follicle. This may decrease the exposure to antimicrobials, thus reducing the possibility of antimicrobial resistance (14, 15) . Several clinical studies have demonstrated that combination of tretinoin (0.025%) with clindamycin (1 or 1.2% as clindamycin phosphate) gel is more effective than the respective monotherapies for treatment of various stages of acne (16) (17) (18) (19) (20) (21) ; this could be due to the complementary mechanisms of action of these two agents that effectively target both inflammatory and non-inflammatory acne lesions.
Although the effectiveness of topical tretinoin is well established, the skin irritation resulting in exfoliation, redness and photosensitivity can limit its use, particularly in patients with sensitive skin. Tretinoin-induced irritation depends on dose and formulation of the product (22) (23) (24) (25) . Tretinoin gel microsphere (0.04%) is a novel formulation developed to minimize tretinoinassociated cutaneous irritation while maintaining the efficacy. In this novel formulation, tretinoin is entrapped in porous polymeric microspheres that serve as a reservoir and deliver the drug in a controlled manner over a longer period, and thus, reducing irritation. Moreover, the microsphere formulation offers an enhanced protection against tretinoin photo-degradation (26, 27) . The present phase 3 study compared the efficacy and safety of a gel-based tretinoin (microsphere) 0.04% and clindamycin 1% combination versus tretinoin 0.025% gel and clindamycin 1% gel monotherapies over 12 weeks for the treatment of acne vulgaris.
Materials and methods

Study population
Patients aged !12 years with a clinical diagnosis of facial acne (inflammatory lesion count [papules þ pustules] count between >20 to <50; non-inflammatory lesion count [open þ closed comedones] between >20 to <100, and nodules [inflammatory lesion !5 mm in diameter] 2) and Investigator's Static Global Assessment (ISGA) score of 3 (moderate) or 4 (severe) were included. Sexually active women of child-bearing potential who had a negative urine pregnancy test at baseline visit and who had agreed to use adequate birth control during the study were permitted. Patients with a known allergy or sensitivity to study drug, or who were concomitantly using any potentially irritating over-the-counter products that contained benzoyl peroxide, a-hydroxy acids, salicylic acid, retinol or glycolic acids, or who required concurrent use of topical (antimicrobials, anti-acne drugs, anti-inflammatory agents, corticosteroids, retinoids) or systemic (corticosteroids, antimicrobials, retinoids) medication and not willing to undergo the specified washout period were excluded. Patients with any other dermatological conditions of face, or with a history of other clinically significant medical disorders within last 6 months of study enrollment were excluded. Patients with facial beard or mustache that could interfere with the study assessments were excluded.
The study was conducted in compliance with the ethical principles that originate in the Declaration of Helsinki, the International Conference on Harmonization (ICH) guidelines for Good Clinical Practice, and applicable regulatory requirements. The study was compliant with the protocol. Written informed consent with audio-video recording was obtained from all patients prior to participation in the study. This study is registered with ctri.nic.in (CTRI/2014/08/004830).
Study design and treatment
This was a multicenter, randomized, phase 3, three arm, doubleblind, active controlled, parallel assignment study of 12 weeks conducted in patients with moderate-to-severe acne vulgaris from 31 centers across India. Eligible patients were randomly assigned (2:2:1) to fixed dose combination of tretinoin 0.04% (microsphere) plus clindamycin 1.0% gel, tretinoin 0.025% gel or clindamycin 1.0% gel to assess the efficacy and safety of tretinoin þ clindamycin in comparison to either agents as monotherapies ( Figure 1 ). Randomization was performed using random allocation software. Enrollment was competitive enrollment and was closed once the target number was reached. After the specified washout periods (2 weeks: for topical antimicrobials and other topical anti-acne drugs; 4 weeks: for antiinflammatory drugs and corticosteroids; and 6 months: for systemic retinoids), eligible patients underwent a baseline medical history and physical examination including assessment of acne lesions, ISGA score and photographic measures. The duration of treatment was 12 weeks for all treatment groups and each patient reported to the center after 2, 4, 8, and 12 weeks of treatment for efficacy and safety assessments.
Patients in all treatment groups were instructed to apply one fingertip of assigned study medication over the facial acne lesions once daily at bedtime for 12 weeks. Patients were advised to wash their face with a mild soap and warm water and pat the skin dry before application of study medication. Hands were to be washed thoroughly before and after applying the medication. Patients were cautioned not to apply the medication to the eyes, mouth, angles of the nose, or mucous membranes. The use of sunscreen was recommended to avoid risk of photosensitivity and sunburn, and patients were advised to avoid excessive exposure to sunlight, sunlamp, ultraviolet light, and other medicines that may increase sensitivity to sunlight. Topical emollient creams were allowed during the study period to keep the skin moist.
Study endpoints
The primary efficacy endpoint was mean percent change from baseline to week 12 in acne lesion count (inflammatory, noninflammatory and total lesion count). The secondary endpoints included the percentage of patients rated 'clear' or 'almost clear' and who had !2 grades of improvement from baseline to week 12 in ISGA score. Also, physician's global evaluation of efficacy score was determined at week 12 (or early termination visit), wherein the efficacy of the treatment was evaluated by the investigator and classified as 'Excellent', 'Good', 'No change', 'Poor' and 'Worse'.
Safety was assessed by monitoring adverse events (AEs) and laboratory evaluations. Hematological and biochemical laboratory evaluations were done at baseline and at week 12. Local tolerability assessments were performed by the physician and the patient (documented in the patient's diary). During each visit, physician evaluated the patient for local tolerability in terms of erythema and scaling (grade 0 ¼ none and grade 3 ¼ severe). Patients were asked to record their skin reactions (itching, burning, and stinging) in the diary, every day during the study period (grade 0 ¼ none and grade 3 ¼ severe).
Statistical analysis
Based on previous data (20) , a sample size of 625 patients (250 in tretinoin þ clindamycin group, 250 in tretinoin group and 125 in clindamycin group), excluding drop-outs, was considered sufficient to demonstrate superiority of tretinoin þ clindamycin with a superiority margin of 5%, a significance level of 5% and a power of 80% to detect a statistically significant difference between tretinoin þ clindamycin group versus either tretinoin or clindamycin monotherapy group. Assuming a drop-out rate of 17%, a total of 750 patients (tretinoin þ clindamycin: tretinoin: clindamycin, 300:300:150) were to be randomized. Statistical testing was performed at 0.05 level using two-tailed tests. No interim analysis was planned in this study.
The primary and secondary efficacy endpoints were analyzed in the intent-to-treat (ITT) population that included all patients who were randomized into the study irrespective of their eligibility status, completion status and protocol adherence. The primary and secondary endpoints were also analyzed in the modified ITT (mITT) population, including all patients who received at least one dose of study drug and had at least one post-baseline evaluation visit. An analysis of covariance (ANCOVA) model with mean baseline as a covariate and t-test was used to assess the clinical superiority of fixed-dose combination of tretinoin 0.04% and clindamycin 1% versus monotherapies. Superiority of the combination over monotherapies was considered to be demonstrated if there was a statistically significant difference between treatments in the primary efficacy endpoint for two of the three types of lesions evaluated. Last Observation Carried Forward (LOCF) method was used to carry forward the missing entries as part of data imputation methods. The safety parameters were also analyzed in ITT population. All key analyses were performed primarily using licensed version of Stata 13.0 for Windows.
Results
Patient disposition and characteristics
Between October 02, 2014, and February 11, 2015, a total of 824 patients were assessed for eligibility, of which 750 patients were randomized to tretinoin þ clindamycin group (n ¼ 300) or comparator tretinoin group (n ¼ 300) or clindamycin group (n ¼ 150) and were included in the analysis (Figure 1 ). The patients included 448 men and 302 women with a mean age of 21.2 years (range: 12-48 years). Of 750 patients in ITT population, 677 (90.27%) completed the study; the primary reason for discontinuation was lost to follow-up (n ¼ 54).
The baseline demographic characteristics and facial acne lesions status were comparable between the treatment groups ( Table 1) . The mean ± SD duration of acne was 14.3 ± 19.12 months; the shortest being 15 days and the longest was 180 months.
Efficacy
The primary and secondary efficacy outcomes are summarized in Table 1 . In patients treated with tretinoin þ clindamycin, the mean baseline inflammatory lesion count was 29.42 that reduced to 6.88 after 12 weeks; while the mean inflammatory lesion count of 29.93 reduced to 8.87 for tretinoin group, and 29.83 reduced to 10.28 for clindamycin group. For tretinoin þ clindamycin treated patients, the mean baseline noninflammatory lesion count was 38.28 that reduced to 11.62 after 12 weeks; while the mean non-inflammatory lesion count was reduced from 39.01 to 12.64 in tretinoin group, and from 38.38 to 16.97 in clindamycin group. For tretinoin þ clindamycin treated patients, the mean baseline total acne lesion count was 67.70 that reduced to 18.50 after 12 weeks; while the mean total acne lesion count of 68.94 reduced to 21.50 in tretinoin group, and that for clindamycin group reduced from 68. 21 Table 2 and Figure 3) . The primary and secondary outcomes analyzed in the mITT population showed a similar trend as in the ITT population, with patients in the tretinoin þ clindamycin group achieving significantly greater reduction in both inflammatory and non-inflammatory lesions and lower ISGA scores when compared to either monotherapies ( Supplementary Table SI ).
Safety
Overall, 20 AEs were reported (6 in tretinoin þ clindamycin, 11 in tretinoin, and 3 in clindamycin group); skin and subcutaneous tissue disorders (n ¼ 8) being the most common (Table 3) . Of the 20 AEs, 19 (95%) were mild-moderate and only one severe AE was reported in the tretinoin group. Total 3 AEs were considered to be study drug-related (erythema [n ¼ 2] and irritant dermatitis [n ¼ 1]), all in the tretinoin group. No deaths or serious adverse events were reported during the study. Total three events of abnormal laboratory findings were reported; increased blood glucose (n ¼ 1 in each tretinoin and clindamycin monotherapy groups) and increased bilirubin levels (n ¼ 1 in clindamycin group), but were clinically not significant. In tretinoin þ clindamycin group, no patient discontinued the treatment due to AEs, whereas in tretinoin group, 2/300 (0.67%) patients discontinued due to excessive irritation (n ¼ 1) and increase in acne lesion counts (n ¼ 1). The most common AEs in tretinoin þ clindamycin group were pyrexia in 3/300 (1%) patients (vs 2/300 [0.67%] patients in tretinoin group; none in clindamycin group), eczema asteatotic in 1/300 (0.33%) patients (vs none in either tretinoin or clindamycin monotherapies), constipation in 1/300 (0.33%) patients (vs none in either tretinoin or clindamycin monotherapies) and increase in acne in 1/300 (0.33%) patients (vs 1/300 [0.33%] patients in tretinoin group; none in clindamycin group). In addition, other AEs reported in this study included gastroesophageal reflux disorder (n ¼ 1), upper respiratory tract infection (n ¼ 1), dermatitis (n ¼ 2), facial swelling (n ¼ 1), erythema (n ¼ 2) in tretinoin monotherapy and urinary tract infection (n ¼ 1) in clindamycin monotherapy; none of these AEs were observed in combination therapy group. Of the 6 AEs reported in tretinoin þ clindamycin group, five AEs (pyrexia: n ¼ 3, eczema asteatotic: n ¼ 1, constipation: n ¼ 1) were resolved without sequelae, following the administration of concomitant medication. One event of increase in acne was not resolved and monitored throughout the study duration.
Local tolerability assessment showed that all the three study treatments were generally tolerated by patients. Itching and erythema were the most common events reported. As per the tolerability assessment at week 2, itching was reported in 35.08%, erythema in 32.46%, scaling in 29.83%, burning in 28.45% and stinging in 10.77% patients. These events showed a progressive decline in incidence as well as severity over the course of treatment. At week 12, erythema was observed in 15.81% patients in tretinoin group vs 10.11% patients in tretinoin þ clindamycin group; while burning was observed in 13.60% patients in tretinoin group vs 8.30% patients in tretinoin þ clindamycin group.
Discussion
The present study was conducted to evaluate the efficacy and safety of a novel gel formulation containing tretinoin 0.04% and clindamycin 1% using a controlled release microsphere delivery system. Although the efficacy of tretinoin is well established, adverse events related to skin irritation in the current standard treatment regimen (tretinoin 0.025% gel) has been a concern. The microsphere formulation facilitates controlled release of the drug; thereby, reducing the possibility of irritation and permitting the use of higher concentration of the drug for improved efficacy.
The combination of tretinoin (microsphere) 0.04% and clindamycin 1% gel used in this study was found to be an effective treatment option that targets both inflammatory and noninflammatory acne lesions. Treatment with combined tretinoin and clindamycin was significantly superior to tretinoin or clindamycin alone in the reduction of all types of acne lesions (inflammatory, non-inflammatory and total). A pooled analysis from three randomized phase 3 studies demonstrated that clindamycin and tretinoin combination gel was significantly (all p < .01) more effective than either of the monotherapies in terms of median percentage change from baseline to week 12 in alleviating different types of lesions (51.6-65.2%) in patients with mild to severe acne (28) . The mean percent reduction in acne lesions was higher for the combination group (71.3-77.1%) in this study than those reported in previous clinical studies with clindamycin and tretinoin combination (45.2-65.2%) (17, 28) . The superior efficacy noted in this study in terms of reduction in acne lesion counts could be attributed to the microsphere delivery system that might have enhanced penetration and retention of tretinoin at the lesion site.
Based on the ISGA score, a significant number of patients were confirmed as 'clear' or 'almost clear' from lesions at week 12 when compared with treatment with clindamycin or tretinoin alone, and these results were consistent with the results obtained in another study with combination of clindamycin and tretinoin (17) . At the end of treatment, only five patients had grade 4 ISGA score (vs 38 patients at baseline) and nearly half of the patients (46%) achieved !2 grade improvements in the combination group. Based on physician's assessment, treatment was considered 'excellent' in a greater number of patients in the combination group (38.9%) as compared with monotherapy with tretinoin (25.1%) or clindamycin (17.3%).
Topical retinoids are often associated with varying degrees of cutaneous irritation within the first few weeks of treatment of acne vulgaris (29, 30) . In this study, clindamycin and tretinoin combination treatment was generally tolerable, as supported by local tolerability assessment data. Further, despite the higher concentration of tretinoin in the combination treatment, a trend toward progressive decline in cutaneous irritation was observed over the course of the treatment. These results may have occurred due to the use of microsphere technology, which allows use of higher concentration of tretinoin (0.04%) without increasing the risk of adverse skin reactions.
No new safety concerns or clinically significant changes in laboratory parameters was observed with the combination therapy when compared with either monotherapies. There were no discontinuations in the combined tretinoin and clindamycin group, whereas in tretinoin group, two patients discontinued the treatment due to AEs.
The findings of the present study support the previously reported studies with combination of tretinoin and clindamycin in acne, where combination therapy was found to be more effective and superior to individual agents but with similar safety and tolerability profile as that of tretinoin (16, 17, 20) . Furthermore, among patients treated with the combination therapy, discontinuation rates due to AEs were noticeably less when compared to other studies (17, 20) . This phase 3 study was executed per protocol plan with determined sample size of 750 (patients enrolled). Minor protocol deviations were observed in the study; the most common reason being the study visit out of window period of 4-7 days.
The clinical efficacy and safety results obtained in this study suggest that the combination therapy with tretinoin 0.04% microspheres and clindamycin 1% gel can effectively clear both inflammatory and non-inflammatory acne lesions, and has good tolerability in patients with moderate-to-severe acne.
Conclusion
Taken together, these findings suggest that the novel microsphere technology allows high concentration of tretinoin to be delivered at the acne site in a controlled manner for a longer duration and thus reducing irritation. The discontinuation rates can be a critical factor for patients' adherence to treatment amongst available tretinoin and clindamycin combinations in Indian scenario, thus this controlled-release, once-daily, gelbased formulation of tretinoin and clindamycin could be considered as a potential option to improve patients' compliance and overall therapeutic outcomes.
